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The purpose of this technical memorandum is to provide a summary and documentation
of the Science Panel’s discussions relative to toxicity thresholds for exposure of birds to
selenium at the Great Salt Lake. It is generally recognized that the most significant
exposure of birds occurs through their diet, and that the best-documented and most
readily-monitored effects are those on reproductive success (particularly egg hatchability).
Thus, much of the focus of this technical memorandum is on those exposures and
endpoints, because they can be most readily applied toward establishment of a site-specific
water quality standard for selenium in the open waters of the Great Salt Lake.

Before the Science Panel meeting on November 29-30, 2006, I prepared a technical
memorandum (Subject: Threshold Values for Selenium in Great Salt Lake; dated
November 28) to provide the following:

e asummary of potential threshold values identified by Science Panel members for
consideration in establishing a water quality standard for selenium in the open waters of
the Great Salt Lake, and

e supporting documentation and literature provided by Panel members to be used as the
basis of discussion by the Panel.

Bill Adams, Anne Fairbrother, Theresa Presser, and Joe Skorupa provided input concerning
threshold values to be considered and sent supporting literature (either as citations or copies
of publications), in addition to providing their views on the threshold values themselves.
The entire Panel discussed that material and related information from other sources on
November 30. From the available information, the Panel narrowed the ranges of values for
bird diets and eggs to those listed in Tables 1 and 2 (Attachment A [tables modified from the
compilation of field and laboratory data presented in Table 15 of Presser and Luoma, 2006])
and then identified “working values” for the ranges of acceptable selenium concentrations
in bird diets and in bird eggs (those shaded in the tables). It is understood that the values
will likely be refined during future phases of work (including consideration of site-specific
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Figure 4. Hockey stick regression of laboratory mallard duckling
mortality versus egg selenium.
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concentration]) standard or to some version of a “tolerably toxic” standard such as an ECio,
an ECy, or an ECgs, etc.

Conceptually, a benchmark concentration is defined as the location on the exposure-
response curve that is the threshold between absence and presence of a given effect or
endpoint (i.e., the threshold between an ECy and an ECo1 concentration [see:
www.epa.gov/ecotox/ecossl/pdf/ecossl attachment 3-2.pdf; p. A-6]). Benchmark
concentrations are estimated as the lower 95 percent confidence boundary on the ECy (see:
Meister and Van Den Brink [2000], pp. 114-116 in particular; and USEPA [2000]).

Uncertainty Surrounding the Hockey-Stick Regression Inflection Points

To determine the inflection point between the hockey-stick “blade” and “handle”, or any
parameter in the model, initial parameter values are input to the software program SPlus®
and an iterative technique is used to search for more exact parameter values that will
minimize the sum of squared deviations between the observed effects data and effects
values predicted by the model. Variance in the estimate of the inflection point value is
affected by the spacing of the measured X values as well as the scatter or trend in Y values
in the vicinity of the estimated inflection point. If, for example, there are few measured
dietary selenium concentrations near the predicted inflection point, the uncertainty in the
location of the inflection point will be greater because it will be difficult to determine the
exact concentration at which the inflection point occurs (i.e., it could be between two of the
measured values). Uncertainty around the predicted Y (EC) values at the predicted
inflection point is affected by the number of Y values and the scatter of the Y values at that
particular X value (which, when calculating the confidence interval around Y, is assumed to
be estimated without error). Thus, both the spacing of the measured X values and the
variance in the response variable affects the uncertainty around the inflection point. The
tighter spacing and less ambiguous effects response after the inflection point causes the

95% CI around the dietary selenium-based inflection point (3.0 to 4.9 mg/kg) to be narrower
than that for the egg selenium-based inflection point (6.4 to 14.9 mg/kg).

However, although there is uncertainty surrounding the inflection point, use of the best
estimate of the inflection point results in the best fit of the regression model to the data. In
Figure 4, for example, if the inflection point occurred at either end of the 95% CI of egg
selenium concentration (6.4 to 14.9 mg/kg dry wt.) one can easily visualize that the fit of the
regression to the data points above the inflection point would not pass through the
measured values in the same way.

Hormetic Effects of Selenium

Consideration of the hormetic effects of selenium may result in lowering of thresholds (for
hormetic substances and endpoints one has to distinguish between valid control responses
and hormetic deficiency responses before a valid baseline to compare toxic responses
against can be identified). The hormetic bias in the data used for the Ohlendorf (2003)
regressions has not yet been fully considered by the Science Panel. If such consideration
were to result in changes, those changes could only be in the direction of a downward
shifting of the threshold confidence limits. (For example, preliminary unpublished analyses
that adjusted for hormetic effects in the mallard data yielded a revised ECyo for diet of
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41 mg/kg, with a 95% CI of 1.3 to 5.8 mg/kg, and a revised ECyo for eggs of 9.22 mg/kg,
with a 95% CI of 4.11 to 13.07 mg/kg.).

Other Quialifications and Points Discussed

The Panel also discussed the following additional qualifications and points relative to
toxicity threshold values:

e Applicability of laboratory data to field situations is not certain (note that field data were
retained in compilation of egg-selenium concentrations in Table 2), and it is important to
collect site-specific field data on selenium concentrations in bird eggs (e.g., current data
gathering effort at the Great Salt Lake).

e Applicability of mallard data to species at Great Salt Lake is uncertain, because relative
sensitivity of all species nesting there is not known.

e Threshold values discussed are for the hatchability endpoint (based on diet and avian
egg) but non-reproductive adverse effects endpoints (e.g., avian blood endpoint) also
may be important. However, interpretive values for selenium in avian blood are not
available; although selenium concentrations in blood indicate exposure of the birds, that
endpoint is not considered useful for setting a water quality standard.

e Phalaropes are seasonally numerous at the Great Salt Lake and should be added to the
list of species to be monitored because they represent species with a feeding rate that is a
large percentage of body weight (affecting energy consideration in determining wildlife
criterion).

Recommended Next Steps

The issues summarized in this technical memorandum should be discussed/considered
further by the Panel, particularly to refine the selection of threshold values for bird diets and
eggs with respect to effects documented elsewhere (in field and laboratory studies) and
considering the results being developed through research at the Great Salt Lake. In parallel,
it will be important to know what level of protectiveness the State and EPA will apply in the
development of the site-specific standard for selenium on the Great Salt Lake (i.e., ECz,
ECio, ECos, etc.) so that the Science Panel can most effectively make recommendations that
can be applied toward that purpose.
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Tables




ATTACHMENT A: TABLES

TABLE 1
Diet Concentrations
mg/kg Approach or Site Effects Species Reference(s)

4.87 Synthesis of lab Hatchability in mallards (10% effect level/95% confidence  Mallard Ohlendorf 2003

(C13.56 - 5.74) Data boundaries)

4.4 Synthesis of lab ECo for duckling mortality Mallard Bill Adams analyses

(C13.8-4.8) data presented in Attachment B

3.85 - 7.7 (diet based Lab Reduced hatching success in mallards (33% at 7.7 pug/g); Mallard Stanley et al. 1996

on 10% moisture) reduced growth and weight in hatchlings

7.7 (diet based on Lab Reduction in number of surviving mallard ducklings Mallard Stanley et al. 1996

10% moisture) produced per female

8.84.4/6.2 (diet based  Lab 8.8 - LOAEL, 4.4 - NOAEL, 6.2 - Geometric Mean Mallard Heinz et al. 1989

on 10% moisture) Reduction (17%) in survival of mallard ducklings; mean
decrease (43%) in number of 6-day-old ducklings

6 Lab Adverse effect on body condition of male American American Kestrels Yamamoto and Santolo, 2000
kestrels

7.7 - 8.8 (diet based Lab Dietary threshold of teratogenic effects in mallards; Mallard Stanley et al. 1996

on 10% moisture) above upper threshold, rate of deformity rises sharply

7.7 - 8.8 (diet based Lab Dietary threshold of mallard duckling mortality (parental Mallard Stanley et al. 1996

on 10% moisture)

exposure)

Note: Highlighted cells are the threshold values for bird diets identified by consensus of the Science Panel on November 30, 2006.
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